ii To my family; for your love and unconditional support.
viii PREFACE I believe it is our job as artists and creative problem solvers to view the world differently and ask thought-provoking questions. Exposure to diverse people and differing viewpoints necessitates open and humble minds, yet hatred, intolerance, and ignorance continue to thrive. Ignorance and apathy about the world around us hinder our critical thinking and leave us isolated and unprepared for the ever more global reality. We need to change our overall perspective, step back and view the world with a wider lens, if we ever hope to figure out our own place in it.
I design because I feel compelled to make a difference and because I believe good, thoughtful design can be the perfect catalyst for change. I enjoy the challenge, the constant learning, the creative outlet, and most of all, the opportunity to educate and inspire others.
With my current and ongoing work, my goal is to create designs for the greater good that will cause viewers to think about sustainability and social justice issues in a new light. I work with topics that I care passionately about but admittedly don't fully understand, as the projects and resulting research give me an excuse to continue learning and also allow me to share my interests and newfound knowledge with others. My process in general involves collecting large quantities of data and imagery components which I then manipulate and reimagine in unanticipated ways. I try very hard to ensure I convey a clear message that connects with the audience. I also like to include some element of the unexpected-something that requires viewers to take a second glance and look deeper-as this encourages active participation and greater connection with the work.
I truly believe that design has the potential to be incredibly powerful and life changing and I can't imagine doing anything else.
INTRODUCTION
The principal role of graphic design is to give meaningful form to information and ideas in order to communicate a specific message. Design is, essentially, mass communication with a purpose. Information design has very similar aims, with the goal of taking complex, information-heavy data and reinterpreting it in a way that is more easily digestible by the general public. Whatever the subset, all design practice requires critical thinking, inventive problem solving, and an overall ability to simultaneously exercise both the left and right halves of the brain in order to solve communication challenges and ultimately leave an impression on someone else.
Educating the general public on any given data-heavy scientific topic is not an easy task. There is often a gulf between those who have information to communicate (those generating new data, such as scientists) and those who most urgently need to know and fully understand the data (such as leaders, decision makers, and the public). A plethora of scientific journals and reports are made available online in order to educate the public on given topics, but so many of these resources are not truly accessible to the vast majority of the population, as they are laden with overly technical language and page after page of dense tables and lackluster pie charts. In a society saturated with media noise and information overload, the traditional ways of displaying information simply do not work well anymore, resulting in failures of communication and lost opportunities.
This body of work began as I was reading through the latest Human Development Report from the United Nations Development Program, titled Sustaining Human Progress: Reducing Vulnerabilities and Building Resilience (Malik et al.) . The report uses the latest human development data to discuss how environmentally harmful practices accentuate racial and social inequalities, as groups of disadvantaged people are unfortunately the ones who are also most vulnerable to a changing environment. The HDR posits that true "sustainability" is not so much about protecting the environment as it is about protecting and expanding human freedoms for the present and future. The report does a great job of finding trends in the data and extracting meaningful conclusions from these trends, but it lacks compelling visuals and is rather intimidating due to the length and sheer volume of information. Difficult complex information is much more easily communicated and ultimately remembered when it is communicated in a visual form. As I continued to read through the report I began wondering if I could devise a way to promote the same data in a new and more meaningful way that might help it resonate with others.
The HDR report analyzes hundreds of data indicators, from gender inequality to adult literacy to forest area, across hundreds of countries. I decided to focus my work on three of the strongest indicators used to measure sustainability-greenhouse gas emissions, deforestation, and water use-and three of the strongest indicators used to measure environmental deprivations-lack of improved cooking fuel, lack of drinking water, and poor sanitation. In the following work, I explore these indicators and experiment with different ways to visually convey the information in a way that is both interesting, beautiful, and ultimately insightful.
CHAPTER II

CONTEXTUAL REVIEW
The field of data visualization is vast and ever expanding, lead by experts who have spent their entire lives studying and researching in the sector. I am neither a trained data scientist nor a statistician and my approach to these visualization and communication challenges is informed in large part by my design background. I care very much about maintaining the integrity of the data but I also care equally about the visual aesthetic, function, and overall message of each composition. I believe that effective visualizations succeed when they get viewers to interact with the content and cause them to consider something in a new light, ultimately influencing thoughts and actions.
The creative style for this project was inspired in part by a collection of antique making it easy to compare lengths, and all of the world's largest mountains have the same baseline and are organized by size. The mountains and rivers are drawn in a fairly realistic manner, using shading, texture and color to imply depth and make for a cohesive landscape. Textual labels sit next to their subjects and a large key is included at the bottom that lists out all of the specific numerical values for lengths and heights. The illustration conveys so much detailed information, and yet, when I look at it, I first see a beautiful piece of artwork. The presentation then encourages me to take a closer look and learn something new.
Another example is the Pedigree of Man by Ernst Haeckel (fig. 2 ), published in 1879. This illustration depicts the evolution of humans as described by Charles Darwin and uses the metaphor of a tree to explain the progression. The most primitive animals reside near the base of the tree and more complex organisms are introduced as one travels up the tree trunk and down the branches. Man is shown at the very top of the tree, seemingly because Darwin/Haeckel believed man to be the ultimate crowning glory and success story of evolution. The image works well because it uses an icon from the natural world that everyone recognizes and understands in order to help convey a challenging scientific concept. The text labels in this illustration stand out a bit more than they do in the previous example, but again, the image serves the dual purposes of beautiful illustrated art and enlightening infographic.
Of course, there are so many contemporary examples of creative infographics that one could also cite. However, these modern examples are not my primary inspiration for this project. Trendy modern styles come and go and may soon wind up obsolete or dated.
Instead, I look further in the past for techniques and philosophies that can help to take the work I am doing now to new places that might hold relevance for the present and future.
CHAPTER III
DESIGN METHODOLOGY
I take great pains to make all of my work as mathematically accurate as possible. Since the data is the main focus of the images, I don't want to accidentally distort the information and wind up sending false messages or drastic misrepresentations of figures. First and foremost I try to ensure that the data I am using is up to date and coming from reliable unbiased sources. All of my compositions begin as data in Excel files downloaded from the United Nations Development Program and the World Bank Open Data websites, which I then work with to further optimize in Excel. I reorganize, reformat, and sometimes calculate, in order to get a list of correctly sorted numbers in the appropriate unit. I pay attention to the details as much as I can, making sure, for instance, that the values I use in related calculations are all from the same year, or that there aren't any holes or anomalies in the data that need to be verified.
All of this preliminary effort allows me to then use the data to generate charts that become the building blocks of my compositions. In some cases I create simple charts right in Excel which I am able to transfer to Illustrator and reshape to suit the purposes at hand.
Sometimes the necessary source data or chart is unavailable, and in these cases I'll Finally, almost all of the charts and graphs that go into an image are labeled and/or described in an accompanying key. This is important, as it gives the shapes just as much meaning for the viewer as they have for me as the creator. The labels also encourage the viewer to examine the work more closely and spend more time interpreting the trends and comparing country values. As a designer, I am always striving to communicate clearly with my audience in order to educate and inspire. Without the labels, these images are works of art that can be interpreted quite openly. With the labels, an interpretation is not forced, and the images do not lose their artistic qualities, but the viewer is then guided in a general direction of understanding.
In actuality, none of these images are a perfect and holistic communication of the subject matter. The complexity and quantity of this information cannot be conveyed by a singular static image. Instead, these images function more as components that are best viewed together as a whole in order to show the trends and patterns in this living, breathing system of documents and data.
CHAPTER IV
FORMAL ANALYSIS
This body of work explores multiple technical and aesthetic methods of representing complex statistical information in an approachable visual language, bridging the boundaries between data science, graphic design and fine arts. Data charts, which by themselves may be rather ordinary, are combined together with other charts and diagrams in unexpected ways in order to form the basic structure of imaginary landscape scenes.
Line plots over time become the rising and falling curves of hills and mountains. Bar charts are morphed into industrial factories on the horizon, and bubble charts become billowing smoke, a forest of trees, or a school of fish. From a distance these landscapes may appear to be just that, but closer inspection reveals the scientific origins of the shapes and invites further study and comparison.
Graphic Illustration Series
This digital illustration series is made up of a large group of infographic images, each based on a unique data indicator from the 2014 Human Development Report (figs. 3-10).
The indicators relate to measures of sustainability (greenhouse gas emissions, deforestation and water use) and measures of environmental deprivations due to multidimensional poverty (lack of improved cooking fuel, lack of drinking water, and poor sanitation). These indicators are in turn further divided into positives (resources) and negatives (consumption) as well as absolute total values and per capita values (total value divided by total population). Together, these indicators help to paint a picture of the current state of sustainable practices and human development throughout the world. The forms are placed in such a way that they become a part of the landscape scene itself. Triangular shapes become trees and round wavy shapes become swirling eddies of water. Smaller and larger forms are sometimes grouped together with similar sizes to simulate depth and perspective, and other times spread out to imitate organic growth. Most of the shapes are derived from altered bubble charts where the overall size and area of each form relates directly to the value of the indicator for the designated country. Larger shapes represent larger numbers, and smaller shapes represent smaller numbers. Some shapes are derived from bar charts, where it is the height of the shape more than the area that is important. Sometimes larger forms are positive, for instance when they relate to resources, and other times larger forms are negative, representing consumption.
Within a particular indicator, compositions for total values and per capita values maintain the same background as a visual cue to help viewers quickly identify which images go together. Additionally, country forms within a particular indicator stay in the same location from one image to the next but change in size in order to accurately reflect the applicable numerical value. This sounds simple in theory but is actually a very challenging task. It requires both versions of the illustration to be designed simultaneously, with the placement of the forms in one version largely dictated by the future needs of the form placement in the second version. This is a difficult yet necessary step in the image creation process-it becomes yet another aid to viewers in their study of the visualizations, since they don't have to spend such a long time searching for a particular country, and it also becomes a potential starting point for the addition of animation or interaction down the road.
Each image is colored in accordance with the indicator being illustrated. Overall the colors are inspired by nature and subject matter but sometimes the colors need to be carefully adjusted to accommodate surrounding colors. It is important that the forms have a sufficient degree of contrast with the background colors to aid in a quicker assessment of each form's total size and shape. Blue/green schemes make sense when the subject is water while bright electric greens and yellows are more appropriate when the subject is electricity or energy. The plethora of forms are also color coded based upon their size, but naturally this system can hold true for only one of the two versions-either the total values or the per capita values-as the size proportions shift.
The series of digital infographic images works well to visually illustrate the hierarchy of countries for each specific indicator. The original data, which contained exact numerical values sometimes down to many decimal places, was precise but not easy to quickly scan and compare. Turning the numerical values into physical forms of different sizes allows the viewer to very swiftly pick out the largest and smallest shapes and effortlessly compare the size of one shape to another. The illustrations are also simply much more approachable than Excel files or large tables. From a distance, the images spark curiosity and encourage closer inspection, enticing the viewer to study and consider the content.
Lithograph and Monotype Scenes
The accompanying collection of printmaking work deals with the same human development data indicators but takes the visual representation of the data one step further.
Here, three or even four charts are combined together and rendered using a variety of hand-drawn imagery and relief surfaces in order to build intricate imaginary landscapes (figs. 11-14) . Computer generated artwork is merged with meticulous hand work so as to create an image that is richly textured but still mathematically and proportionally accurate.
All of the lithograph and monotype prints are 28 x 22 inches, with an image area of approximately 26 x 20 inches, and printed on either Rives BFK or Arches paper. Some of the prints are true editions while others are variable. Many prints include text labels next to the forms that make up the landscape and a key at the bottom of the image which describes the statistical information and sources in greater detail. The hope is that these scenes succeed on multiple levels, both as infographic communications that convey information on a given topic, and as aesthetically pleasing objects of art in their own right.
One example from this series is World of Indifference ( fig. 11 ), a color lithograph print (split edition of 10 full text and 4 without text) made with positive working photo plates and printed on Rives BFK paper. The illustrated landscape is derived from four informational charts on the theme of carbon dioxide emissions worldwide. The top bubbles represent carbon dioxide emissions per capita (tonnes) for the year 2010 for each country. That is, "human-originated carbon dioxide emissions stemming from the burning of fossil fuels, gas flaring and the production of cement, including carbon dioxide emitted by forest biomass through depletion of forest areas, divided by mid-year population" (The World Bank). The size of the bubble directly corresponds to the value of the figure.
The horizontal lines of the landscape represent carbon dioxide emissions per capita from fossil-fuel use and cement production in the top six emitting countries and the EU over time. The vertical y-axis is tonnes of CO2 per capita and the horizontal x-axis is years chronologically from 1990 on the far left to 2012 on the far right. The bar chart on the left represents CO2 emissions per capita from fossil-fuel use and cement production in 2012 (tonnes CO2/capita). The bar chart on the right represents total CO2 emissions per country from fossil-fuel use and cement production in 2012 (million tonnes CO2). These trends reflect a number of factors including China's growing economy, the global economic recession, and high oil prices (Oliver et al.) .
From a distance it is clear that something sinister is happening in this landscape.
Dense grey smoke billows out of cylindrical industrial stacks, clogging the sky. Dark muddy colors dominate the landscape and paint a bleak picture. As expected, closer study of the text confirms that the scene deals with the somber topics of CO2 emissions and world pollution. The bar chart that forms the stacks in the foreground on the right describes the total volume of emissions per country for the biggest offenders. China is by far the winner for most total emissions, followed by the United States and the collective countries of the European Union. This information tells us that the energy policies of these countries are particularly important due to the enormous effect they each have on the overall global environment, but this is not the whole story. For the rest of the story, we The true theme of this piece is not quite as immediately apparent as the CO2 piece. The scene reminds one of a rural agricultural landscape, with the large green hillside, rows of cropland, and flowing water. The triangular shapes rising out of the hillside resemble haystacks or highly simplified trees. Despite the abstraction, the scene appears to be a pleasant one, healthy and full of life. This disguises the meaning behind the forms. The triangular shapes seem like they are something growing out of the earth, but, as symbols of consumption, they are in fact much more negative. The bigger the triangle, the more energy that country is consuming per capita, and the greater the impact each individual from that country has on the world ecological footprint. Granted, some of the countries which appear to be the biggest energy consumers are only at the top of the list due to their extraordinarily small population, such as Trinidad and Tobago, Iceland, and Luxembourg. Other top per capita consumers, such as the United States, Russia, and Singapore are more expected. Similarly, the gently rising lines of the landscape seem positive due to the bright summer colors and thriving vegetation, but the source data is not positive at all, as the increasing angles mean humans are demanding more and more from our planet, which has a finite amount of resources. On the surface this is a sunny bucolic landscape and it is only after looking closely at the details and explanatory text that the true meaning is revealed. Asian market is such a huge segment of international business strategy. On a positive note, although total world population is ever-increasing, it seems to be increasing at a decreasing rate. Again, the landscape here does not necessarily clue one in to the content, although there are hints. The delicate textures and colorful overlays are reminiscent of the countryside and the smattering of forms across the terrain look like some sort of organic growth springing up from the land. The inverted triangular shape of the forms also brings to mind the "you are here" pin point marker often used in map applications. Seen as map locators, the various arrows point out different locations on the earth and establish a hierarchy as they visually "map" population totals. Largely this piece does not take sides or try to draw any final conclusions for the viewer -rather it presents the information in a neutral and approachable way that hopefully encourages study of both the surface detail and the hidden depths of meaning. horizontal line below both of these in the sky signifies the x-axis "0" mark for this chart (Schwarzer et al.) . All of the triangular forms dotted across the landscape here represent total forest area for the indicated country for the year 2012. Forest area is "land under natural or planted stands of trees of at least 5 meters in situ, whether productive or not, and excludes tree stands in agricultural production systems (for example, in fruit plantations and agroforestry systems) and trees in urban parks and gardens" (The World Bank).
Here, the meaning behind the data is not so easily apparent. One of the main takeaways is that markets for forest carbon offsets are volatile and constantly shifting.
Agroforestry and agricultural projects have been historically relatively small but have gained quite a bit of interest in the last few years. Certified forest area saw sharp increases in the past but is now leveling off. The triangular forms scattered across the landscape are compelling, but since they are based on absolute instead of relative values, they may not be a true "fair" representation of forest area. The very largest shapes, such as Russia, Brazil, Canada and the US, are so large because the countries themselves cover much greater areas. However, this image does help one quickly and easily assess the distribution of the world's forests across countries. In this case, the organic shapes and textures of the scene make perfect sense paired with the subject matter. The steep hills and valleys of the background shapes make for a believable mountainous panorama, and the textures add to this illusion of natural vegetation. The many triangular shapes rise up from the land and become an abstract forest of trees, feeling at home in the abstracted geometric shapes of the landscape. Without the text labels, the statistical origin of these shapes and forms may be more difficult to apprehend, although the transparency of overlapping layers and relative flatness of shapes does hint of infographics.
CHAPTER V CONCLUSION
The goals of the work are to first attract attention, then educate, and ultimately inspire new thoughts or actions. My intent is that this work will be seen as a refreshing take on data visualization which allows viewers to easily investigate complex data and see the stories and patterns. I seek a way to bring viewers with me on a journey through these statistical infoscapes and invite viewers to use their eyes to explore the numbers. I do believe the work successfully attracts attention and informs viewers, although I know that, as always, there is forever room for improvement. These images and landscapes might come to life even more if they were animated or part of an immersive interactive experience. My hope is that I will be able to continue working with the project to bring it to the next stage in its evolution. I would also like to expand the datasets I'm working with and create images and landscapes for more of the data indicators.
The need for innovative solutions to data visualization has never been greater. As our society continues to expand technologies, personal tools, and digital tracking, the amount of data that is generated and collected increases exponentially. But all of this unorganized data needs to be organized and reimagined in a meaningful way in order to be useful. When we map out the information in a visual, pictorial language, interesting patterns and stories begin to emerge. Data visualization may not always lead to answers, but it will definitely lead to more questions. I hope that my work will stimulate curiosity and inspire viewers to consider the Human Development Report data and its implications. (per capita, 2010) The undulating lines of the landscape plot trends in CO2 emissions from fossil-fuel use and cement production in the top 6 emitting countries and the EU. The x-axis is time from 1990 on the left to 2012 on the right and the y-axis is total amount of CO2 emissions. The top line on the right is China, the rest of the lines in order are: United States, European Union, India, Russian Federation, Japan. Source: Oliver JGJ, Janssens-Maenhout G, Muntean M and Peters JAHW (2013) . Trends in Global CO2 Emissions, 2013 Report. The Hague: PBL Netherlands Environmental Assessment Agency; Ispra: Joint Research Centre, 2013. PDF file. Web. 9 Sept. 2014. 
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